SECURITY CLASSIFICATION OF THIS PAGE (Whon Data Entorgg) B 12 Bl .
o . 1
3 READ INSTRUCTIONS b
REPORT DOCUKENTATION PAGE _§ ! Py " BErORE CONPLETING FORM
1. REPORT NUMBER 2. GOV | 3. RECIPIENT'S CATALOG NUMBER 2
79-162T v D-Ao7152 2
, =48, TITLE.Cand-Subtittey — - C e \ 5. TYPE OF REPORT & PERIOD COVER
1Y The Design and Emulatlon of a System Kernel for ) \
[ o B s
N - Thesis

4 X-"‘ree;y

6. PERFORMING O3G. REPORT NUMBER

.

7. AUTHOR(#}~— """ N 8. CONTRACT OR GRANT NUMBER‘ 3)
NR. N
) I.,/}R- Nell/Wasoner \
+ LS
& | Pe—- JQ& ‘
N 9. PERFPRMING ORGANIZATION NAME AND ADDRESS 10. igg‘A;R&AwOERLKE'L‘jEPTTN%FIAOBJEEIg;' TASK R
: AF1T Student at: UC Berkeley :
11, CONTROLLING OFFICE NAME AND ADDRESS B 47: Wl E 3 §
o)) AFIT/NR [ A )ﬁﬁ,,ﬂ?ﬁé&;&lﬁ
WPAFB OH 45433 3. NUMBER OF PAGES i
& 50
1a. muc AGENCY, NAM%ADDF\‘ESS{H different from_Contrplling Office) | 15. SECURITY CLASS. (of thia report)
@ , -./ J / f/ 7 )
S — ° = " ’
U/ yraa C va G UNCLASS V&
Q - m—— iedatiniednnil 15a, DECL ASSIFICATION/ DOWNGRADING -
<‘ SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

[+

Approved for public release; dlstrlbutaon«\mhmzteq - sU3TTTY PRACTICABLES
1

IR

A b D el R

VED FOR PU&L!C RELEASE 190-17. ‘
%«Kl 23 SEP 1980

FREDRIC Q. LYNCH, Major

Direct-r nf Public Bifairs
18. SUPPLEMENTARY NOTES

iy

Ry

Approved for public release: IAW AFR 190-17

Air Force Institute ¢
_ f Te
anht-Patterson AFB, Ot;lhnzlsog 10

'DTIC

ELECTEF
NOV 1 0 1880

.
L 1L

19. KEY WORDS (Continue on reverse s:do If necessary and identify by block number)”

il

e a0, et oot et A 4 i o, g o

T o =
4 u ~3 e 2
: . 20. ABSTRACT (Continue on reverse side If necesaary and identify by block number) . E
o i v
: *} Attached E 3
: B
: -
i‘P 5} JUVTENT 1S BER . T
L“", WIS DOCUNENT 1S BFRT QUALITY PRACTICABLE,.
H — V(‘(‘..) :u:\In’I:EZ.ZZ ':'Q D0 Dzt s,
AU LG QPRI ID A
~e SIGHIIC . 'L ID 0T IU4ESwHIGH DO BoT 7
R RETRUDUCE LEGISLY.
l‘. FORM 1473
\ DD EDITION OF 1 NOV 65 IS OBSOLETE 5
1 73 &
3 JAN _. o~ UNCLASS - -y £y
B < ) f?mrrv CLAS! r»'%crnou OF s When Dafa Eht.n
e S i e - _w—tser*-"‘ =
E
=
%
2
%
- - - - - [T - - g

)
I
.
|
I
I
I
i
y
i
1
i
|
)
¢
i
1
H
1
|
,
i
!
.
'
P
L;ﬁ
o




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SiGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY. ‘




T D oy Dl

"

R

UL

Hzroh 30s 1979

R RS P

-n

F A SYSTEM KERNEL FOR
=

R N2il Wasoner

UL Rerbkelev

:3/ ABSIRACT

tructured network of single-~
desizgned for 1983 technologe. AN
Ler

chir srocssso
tem kermel for surervising the orera-
=
¥

crarating ax
tion of each rrocessor was desidned and coded. To
test the codesr zn X~tree emulator was written +to
rignn on the FOF 11770 UNIX sustem. The kernel
intermal structure znd Lthe esmwulstion techniaues
used are rresented in this rarers, The feacibility
of the kermel design is demonstrzted bw 3 success—
ful s2mulation of +the X-~trees executing 3 simele
User FTrOSram. Sudgestions za2re also made Tor
future extensions of this work to add more func-—
tions to the kermel z2rd to imerrove the rande ard
efficiencw of the emulztion. -

AN

@&;ession For
RTIS GRAX
DDC TAB
Unannounced
Justitication__ ..

By ST B
Digtributien/ -
_fvailey**eey Codes

Ayailand/ox

il

i

kR

Y

A




LES

[p1
o

I
[V
-y ']
ny
pos
U
ok

w6

W ek

RIS e e T el O ]

ot o 0
A

oMo
N

o
)
L1 Ol

3
[}
[
ook L) er
b s S O
o D

-
2
]
o

[

~n 3

[ R
oL 1 1]
“'J -
m W
ey
o

.
£
Uger
LS AT
&

i
1

GH ANT

g
T

ifi

[l T

5
[ o7} 0oy e
[¥] I - w BT
ot 1

M
o

i
"
O @

a

LT VISR
2

v I T

ot
2
X e

i

fa

ik e

EMULATION OF A

’

SYSTEHM KERNMNEL FOR

X-TRE

R Neil Wadoner

UL RBarkelew

An

for surervising the oreras- -

sor was desidned snd coded. To-
~iree emulator was written to
11/70 UNIX sustem, The kermgl
the emulstion technicues

The feasibilituy

ed bw z success~—

cuting 2 simrle

slse mades for

o add more funo-

range and




& ot TR T

1. 1IN

2. [E

S (S 6]
Ead ) bes K

Wl
m

D B 1 Ol
- -
B2 Ead b e L2

-

-

[

4, TH
492
4%2
4,32

= ~

e L‘g
=01
el
[~y ]
Wl e
c 2
Wl 42
= A
o

Arrend
Al
E.
.
0.

o

-t

T&RBLE OF CONTENTS

TRODULCTION

SCRIFTION OF X-TREE

Basgic legscrirtion
Inter—-rnode Compunicztions
Addressing Structure

.

SCRIFTION OF THE NODE KERNEL
Fumctionzsl Descrirtion
Structurzl Dverview
Frocess Mansgement
Messzde Manasement
Communicastions Manadgemant

F EMULATION FPROGRAHM

X-Tree Nodes z2s UNIX Frocesses
Subrroceszes shd Their Senchronization
Emtlated Communication Hardware

NCLUSIONS

Evaluzation of the RKernel

The Attemrted Uce of HMOUULA
Subhrerocess Fackage Reconsidered
Futuure Tasks

ices

Rernel liats Structure Diadgrams
Emuylzted Kernal Cods

Fertinent UNIX Services

Instructions for Running the Emulator
Matazrizal on Fulure Work?

Model of z Fzded User Frogess

A MCDULA Clock/lelas Driver




AT o

JIRITITT

If the current trends in VLSI architecture continuer it

will be eossible to eut 2 comslete comeutery including
memory znd communications hardwaresy on 2 single chir bw  the - =
midg-1980s [43. To exslore various issues in the construc—

tiom of larde sczle sustems from these single-~chir comeut- g

ersy such 3 swstem is currently beind desidnaa a3t the

University of Czliforniz at Berkelew, EHeczuse of the torol-

ggy of Ltihe swsiemr i was named X-tree.

A basic oewcristion of X-tree zmd its concests is  Fro-

zecount is neces— -

'

vided in ssction 2 of this sz2rer, Thi

szrile verw brief and omits dstzils rnot meeded for the

understending of this =sarticular rzrer, A more comglete
2

tregtment can be fourd in [2:3:83, S

The #gozl of the work reroried herein wss to define -and-

imerlement an orersting sustem kermel [10] for X-tres. At

the time ihis srodect wss startedr slmost 311 the work done

B

an  X-trese had been on the design of the harﬁuarevarehitee—iz

ture and the communicstions neiwork, Very 1little work orf

software had besen donse., In facts this hes been the first

rezl attemrt Lo froduce running software for the swstem.-. -

-~




describss the definition and
inter=2l structure of the node kernel, In section 4s the
vuarigus technisuse uded to test znd runm the kernsil onr the

UNIX system =zre discussed. Finally some reflections afid

closing commests are rresented in gection 5.
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Iox I0 X-IREE

gecrisiinn

X-tree iz 3 connected network of sindgle-chisr comruters.
2 Results of wvaricus simulztion studies 3] have led to the
E zsglaction of 2 torclogsy which is 3 binzre tree with some
: zdditional interconnecticons a2t zach level of the tres, HMang
different schemes for thesse additiornzl interconnecticnz have
: hesr  srarosed. Mo finzl selection hss wset been made, Fic—
. : tured below is 3n X-irea with *Tull ring® intrzlevel connec=
E fions. —
B
% (J e i N Pty — = e
g N I 1_‘ #
= g 3 = AL H s
E’i 3 i ] - 1;‘
=" H H )
3 :; __________________________ . .
A . ! -
gjg? = e :———9———-———-—————2—-—-———-—- - -
= '-: = - e e tem P
E O 3 ! ! -
I I -—i Z=10pi-——mmm o ———m e i 3=11pi-=-
: o = e mmemmm—— o ee————— e N
=
e 7
= 4
§ {
it e - i TTmem mmTmes
E 4
1 ] I - ? ] H 3. .
i H i H 1 i

bl
-

Each node in the tree is 2 ful
an-chis memore and cosmunication

u‘,ill" (gt

to the downward links at the
zre no externzl devices directile
nores: excert 3 boohstras d

device connected to

1 scsle comruter

hardusres #All sxtermpal

Tor the sustzm are connegléd

*lssves® of the tree.

® -

connected +to ths

uFFer

the root nodes =

~




E = The nodes in the iree are numbesrsed wusing the simeie

scheme illustirated irn the diaZderam. The relztionshis belween

e

the numbers of connected nodes has 3 convenient srorerie {(in

% {1}
:
. {2y The number of 2 right child is the number of the rarent
B sidnificant end.
This iocate, .
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An identifier (II) which is wumigue within that ledf

noder denegrated he the leaf node when the obdect is”

created,

A full global address is then srecified by 2rn  obdect NAME

argd an offset within the oblect,

NAME = NODE + ID

ADDRESE = NAME 4+ OFFSET = NODE + ID + DFFSET .

oy

il

Im this wawsy o slobzl table iz needed to locste ang
#labzl =zddress. A reauest for dats is routed to the leaf

node srecifiad in the obJdect NAME, That lesf node thsmn mars

L U L

the IDI .nd effset into 2 location onm the memory device and

retrieves the recuired radge.

s e A
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Nede Eeroel

Functicpzl Descrigiion

The -rimar<e doal of the nmode kermel is to make rossible
comnstruction of the orerzting sustem znd user sFrograms

setes of communicating concurrent rrocesses £11:, In sar-

ticulary these rrocesses must be able to communicate with

o, g

B1]
%
2
=g
o

ther using only srocess nzmess not  locetioms  within

The services rrovided bw the kernel are necessarily <
auite =rimitive, Thew are concerned onlwy with the creation
ard execution of srocesses snd with the sending of messsdes -

from ong #rocess to snother., The orerating sustem lawer

™
g,

4 canstructed over the kermel will srovide more dgenerzl ser-

vices for tihe user, - . -

,
AR s s

§ grerating swstem can slso be described in terms of resources
é : mEnagend! T
E 3 -
4 %
1 1. The hernel manadec node CPU time and inter—node commun=
i F izations. . -
3 2 The general crerating sustem manades Phséiqai ,
‘ : (diskss etc) snd Frocessor azssignments.
- ' o
é 3 § To zccomelish thisy the Lkermgl is implemerntéd ag
= 3 E ) .

£

small set of code which exists in each rode of the trees

iy

must serform three srecitic tashksd

sy ol

March 30, 1979
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- 10 -
Manasge the execution eof rrocesses running on that nodes

Manase the interface to the communicaztions contirollery

arn

Identify meesades Lo send them to their srorer destinz=

which follows mo distimction is made

between are rart of the orerating sustem zngd

rrocesses which rerform zeelications. For the rursoses of-

~rocesses are oconsidered as




Sirucitural Ouerview

G5 rointed outbt zboves the kerrmel is 2 set of software

whichn resides in each node znd surervises the USer Frooesses’

and communication for that node. It is comrosed of ceversl

~
=arte

Inderendent kermel sprocessesy

rivers for ths communications channels

P TR L S L A

e

et iy

Various subroutines for the rerformance of srecific -

PR

TR

tasks.

i,

‘i
%2,
%
=z

znd routines can be sroured into

.

to the main tasks of the kernel?

Frocess Manadgemert! schbroutines to creste azangd start

user wrocesses’ kewvnel service routines to be dinvoked - --

L i oD s @ i, TR i it
“e” N e b

by user Processes,

iy

Communications Manadement: s

‘slot.’y which move messades in and: out of i

for eact

~“ode,

M2ssage Manasgement! the main srocesy of tie kernel. §

various subroutines for manirulating messades? matche

- - TR

messases-to rerform remote racuests, -

.
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While these are convenient grours for understanding the
structure of +the kermels, it is imrortznt to reslize that
thew are not inderendent of each pthers, For examsrler when
kernel service routines are called by the user: thew sccom—

#lish their Job by in turm c2lling routines which are =azrt

of the messzage manadenent grour,

Communirstion between ithe three drours is azecomrlished

in primarilye two wags!
i, A sroress or routipe in ome dgrous mags cz3ll 2z routine in
another Srowus, OFf courser data mavw be rzssed both ways

z2s sraumesnts snd return values,

3

‘ certzin srpecesses obtazin their work from FIFOD queuess of

o
0
-
.
o]
s

*wprk =3cke her sroresses rlace rackets in these

nyeues for later srocescsing. co

I

The sroceszes af the kernel (and of the users as welld
zre to b2 executed by 3 hardware monitor sudgsested by Tim

#HeCrearw L[S0, Trneir imslementztion in the emuldtor is

descrimed in charter 4, - -

. The kernel amrlemented for +his perodect haes  ignorsed

several sources of comrlexitw in th

11}

m

rnvisioned that the X~iree swstem is to be indefinitels

extensibles fience node numbers makw have ann unbounded-:

length. In order to focus on other issues: & fTiwed lefsth-
node  number of 16 bits wss rostulated for the kermel, This

iz not reslly z severe restriction simce this length Wik

=
K
=
%
=
=
=
=

=

=
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surrort @ tree of 16 levelsy z totzl of 45+335 nodes!

The second

ing of X-tree

gimelification is far more serious! fthe r3g— -

is rot emulated. Insteady =211 code and dats

structures for user srocesses sre included directlzs in the

emilzted node t

of s#z32ins to the

A model of user srocesses gndgsr bthe fully =z28ed sustem is -

izt the srocess is rurnning irn.. The zddition
Lernel 2t g later date 1is rnot zbsolutely

nut  zm attemrt was made to keser the code

> -

rading 2nd the use of full =slobzl addresses,

sssumed that 211 messages in X—tree are

b
i
e
1)
0.
~

iL.ater wversions of this kernsl will

B

need Lo handie messase communication fzilures. -

3%y 1979

Harch

dibnindnne. Sotioniailiat g

St et

FF

A
i

=
=
=
==
=

i

!

4
é%
E
=
=
=

i
A

ki

)
i

ik

fi

3

I Y

i

R

oy



Eroress Mapsszement

The FProcess Mznaser consists of 211 the code necessary
to surrort user Srocesses. In rarticulary the following

rarts are included:
far =ztarting angd crezting user FroCesses.

Lermn=l service roytines called by user #ro-

-

resresented by control

~-—ryused for the FREEFCE
lirked 1ist

——ridertifies the srocess globally

~-~rinternal srocess statuss such -35°
condition codess ete o

-=»state of the rrocess! IN-USEs -
WAITING-FOR-I0» etc

--rysed for emulator svrchronizstion

—--»spinter to Lhe rrocess’s list of

te
active I0Es

B i M R Py 2"

L4

RN PRV, FYME WA 0 4 TR 0 g CFR e 5 WO 0 PRI 153 A0 | o e

ixed number of these blocks exist in

zn effective wusrrer limit on the

active in node at one time.

=rocess can b2 identified in two wayst

R P R
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frod
s

32-pit mame which is comrosed of

{23 the node number of thes node that +he erocess’s

work srace is ons and

i (hy =n ID pumber dusranteed to be unicue withim that
nodea.
. (2) By & rointer (FID) to its FCE? this is used onlw within

tie loczl rode kermel.

U]

~

-
10
o}
10
Yo
0}
e
b
o]
o)
-y

rom the local mame te +the full name is

cimrlesy 1t can be  reitrieved from the second field in the =

TS

il

] : FCR. The other direction is 2 little more comrlicated, ]

p

3 t hash taeble is maintsined to hold rointers to 21l sctive FCES 3
e N [ |
E - in the naZz, =
B : For the emulsticry 2n additional set of Lkernel -sub— - =
- § srocesses 15 defired! one for each FCE in the node., Each
; : can be thousght of 3¢ 3 subsrocess reserved to execute 2
1 : user, At sustem start times each of these subrrocesses does
v ; immedisztelw to siegr. Alsos 311 of the FCBs zre linked E |
: todether in 2 list of unused FCEs (the FREEFCE queue),

-4
b
1
e
Ct
i

~restion of 8 new user erocess is rperformed by

Aty g gl

subroutine KCRTUSR: Its imrlementation is strsishtforwstd,.

An vnused FPCE is obtzined from +the FREEFCER oqueus and is

filled im with the assrorriste informstiony serecificslly the

T O

[T TR

erioritws starting srodram counters and the name of the

rarent rFrocess. A4 unique full name for the mew srocess -is -

March 30y 1979
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then generzteds stored in f{he FCE snd the hash_ tabler and

rrocess for later use,

[l
[w]
o+
g
i
-
1]
o
o

rassed bach

The subroutine KSTRTUER stzrts 2 srecified user process

and is eauslly simrle., Using the hash tabley the process FCE

fie o sronding kernel subhsrocess (the one

et
1n
Jond
(]
3]
]
o+
il
[
iy
e}
Ly
el

Hl

0
Y

dedicated to that FCE) is zwuskened. This subrrocess then
3) FRuns the user to comrletiony -
(b)Y [emoves the erocess name Trom the hash tabley

(=) Futs iths PLCE back on the FREEFCE qusus for lster reuse:s

{d} ©Goes Lack toc slesar.

Harmel Service Routines — Five functions are serovided

in the =sresent kernel as service calls for the user, Thése

are desscribed belows -
FOCREATE (NODE, STARTy FRIO: FNaAME) RS
Nefinition:

NOUEs START» and FRIO sreciTy the node number» starting
globhal =ddress znd =riority of the new eroceéss., Once
the rnew rroness has been createds its full rrocess nsme
will bz returned Lo ths caller in FNAME,

Imerlementationd IfT NODE is the current node numbers
routinge KCRTUSKE can be czlled directlue. If nots
2 messase i3 formed 3nd sent to the kermel process .
or +he srorer node. The return messadgey whicon -
contzins the new Frocess namer is then waited for.

A4 cinild Frocess is crested. The srduments
T
T

Befznié:ar Starts the execution of rFrocescs FNAMES
fm Y

whare FNAME is a full srocess name. .
Inrlementation: Similar to FCREATE excert of course

that KSTRTUSR is czlled instead of KCRTUSR. T
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NFARENT {FPNAME)
Iefimition: Returns in FNAME the full srocess name
of the rarent of the csllins =rocess. -
Imrlementation: Cories it from the =rorer field
i the czlling user’s FPCR.

K

MSEND (FNAME, IONEBRs LNG» MSGADNUR)
oefinition! Sends s messade to rrocess FNAMES the
messadse is itsken from z buffer of length LNS
starting at address MSGALDR, The IONERR is anm - s
integer which m=ztches the ICGNBR in the MRECV
roauest by the tarsat Frocess. ;
Imelamentaztion? See section 3.4 (Messade Manasder).-

!
i

ey d AR A A 4O g, Tl S I

‘%
LNG» MSGADLR) E
Sets us to receive 2 messade of %

=

maximum lendgth LNG starting st zddress MSGADDR, - -

§ The ©zlling #rocess waits until the messade E
M is peceived, Uron returny the LNG field will E
: contain the sctusl lendgtn of the messade e
H received, -
Imelementation: Se=z section 3.4 (Messade Manager).,
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Z+4+ HMesszss8e Hapasewment

The message manasger is the heart of the kernel. It is
~omerised of the main kernel srocess and 2 set of subrou= -

tines for manisulatinsg messages.

Each sctive messadge in the node is reeresented snd

msnagsed wusing an 170 Control Rlock {IOE) with the following

format, -

: equaue link rointer i~—>rused to link IOE into gueuses ]
o e e !

i owner IOF list link {——>1ink for 2 rrocess‘s list of -
P e e e o e — i active I0Es

! punsr’s loczl rmame :

fmmm e e e ! :

i I/0 control nbre i-——>used to match incoming messades

H e it B itnttectes H with the eroser MRECV “eauesi

P I/G stztus i=—~rstatus of ID! IN vs 0OUT. -

P e e~ = and WaITIHNG, BUSYsor EBHFLETE -

i scticn cod2 |-~rencodes what msg manader should -

e e e H do when I/0 comrletes - -

! rir to duramic msE bfr {-—= HULL if nmo dunzmic buffer used

e e e e e H

I meg pody zddress !

fmmm e it ! =
! mecsage lendgth :

I et LTl ! -

! header fTor messase i—~rsee samnicstion mansser

This block contzime 211 the information needed %o -keer track

af zngd transfer 2 messade. . SRS -

he c¢reration of the messasge ™

txf

The uss of the I0

e d

anad

mansger is beet chown bw tracing the s3th of s messade from - -

o znother.
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et ™
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a

-

is rlazec=d on the IDOUTG:
s wziting to bhe uransmlt
fie user to siger. - -

¥
ot
i
.
4
&
7
B

ot

Wl T
0oy e

yi‘m

1

~|
o

m 13 m
o

PO SN
M ,

UTIQNa; the mazﬁ:kernel-=
to be done.

a1}

R TR TS
o W
1D ped peie

-4
[w]
[p]

The main ternel srocess reirieves the IDR from the éEIqug
gnids duided by the ACTION CODE filled *n by ster-1s wakes -
i the user.

rogess wakes urs still executindg .in the kerrel
tine. This routine reirieves any siatus-it -
Oky then releases tie I0F and returns to
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m2in H
mss mnsmt P<——1i L ————
FTOCSSS H

“““““““““““““ ALTIONSG

-

£
Y
=
m

: user H

i kernel e e
: i service ! MESSIER ———-me—————— > i direut i -
! eall ; ! slot i~—————- =
=TT e ’ ->i driver ! |

W g

o

oy
-

LR

Bt o i

‘ : I ~ The kernsl c2ll routines acting on behalf of the users
: H uses ¢a2lls Lo messzse amenasesent subroutines to obizis
X grgd Tiil in 3 ne=w IOR,

[
I

tiz with the I0B., It is
= of sctive Iok=s.

M

i W A B (B i oot s o SR
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o
PrOocacsS

Ea¥ i
kernel-

it

or any

FEESRGS

N Ccon

rocess’s
E 3
E2

Tros: ths
azng ctatu
nel =roc
¥
ghen =
age whic
sent,
eyl ]

5
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4
f thz zessasde bhaodies 3T
sdoress
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EATST ISR - TR T

REFLY TO REMOTE CREATE

ks e B W g Seer Mg LS e e mp e A e e T

i orecuest | full name |
e | code | of =roc ;
i = -] i created H
-3
¥
H REMOTE START
§ i reauest | full i IC mbr to !
¥ oo ] code | rrocess | rerly to |
3 H = 32 i name ; H

N ]

v

REFLY TO REMOTE STaART

e e et e o aat ene e 29

i recuyest |

. A code i
- i L
H ]

Of course use is 2ls0o made of informstion i the messade

s
Poamay,

a0, heeders so that dsts is rot duslicasted inm the messase hody,
ar <

i The resulting (simrlified) cwele for the main kernel
g -

2POCOsE 1S

o forever
Gat IOR from zctiom ueus
If it‘s & remote renquest
Ilo the reauested zcotion
Reuse the I0B to send reply

R L I RPN

. o ———— A&

St grr

else )
lip comrietion actionms encoded in IOR
(awaken users release I0BE» etco)

e —

AR e b oyt

The routimes to obtsin and relesse I0Bs and duwnsmic

moessade buffere zre zlso consigered rart of the messasde:

manager. These routines =re straishtforward znd will not be

discussed here.
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3,3, Communicziions Maopadgement

As sointed out
to the CFU as =2
*slots®. Ezch slot

memorys defimed as

controller
inderendent devices called

controlled section- of

man AA doen e e e e 2% et ee M4 sk kit mmd K84 Sute WA e i det 2 et bt LM i A3 A ASed B84 okt AR T AL 1 St ok SR e oy e e St Aaem A e 0t Ut e s R S0 ey 0N

H i status |
i o bwte | bute |
¥ 1} [}
H ] t

interprurt
transfer

™

13 et 08 RIS VAN T S ime el SR 618 sy mEE Y AR AR WIS 3 A8 XS I3 Seve M 506 MON AN mew s e Mt mag AN MR gL MK S f ot MOt MEN e e e et Wt e S48 S48 e S nanr Wt Sowt 2000 e e S

and TERMINATE are wused in

Currentlys the two bhits READY

command hute. Similarlys

END-OF-BUFFERy

END-OF-MESSAGE bits are

defimed im the status bete,

There 2re two sets of

gsal for outeat,

slots! one set for inrut 3nd one

slots werate in a2 *direct memory

acecess” Tashion, Wnen

READY command bit is ons the slot

transfers deata into

of the buffer defined by the

TRANSFER aAlNDRESS field.

TRANSFER ADDRESE is

merted.,

transferre

incremented and tihe BYTE COUNT is decre-

Several conditions

transfer oreration to

R\

i arn error is encountered.

2. The EBYTZ COUNT reaches

Y]

(ENB—DF—BQFFER)»

The end of messase is foundg

(inrut omlw),




When one of these occursy the fcllowing sters are rerformed

.

b the controller,

1. The command bute is clesred. -

3 2+ The serrorriate status bute is turned or, e
3. An interrurt i¢ sSenerated. ) o

ARTYRUE T

% 4, The slot waits until 2 mew command bit is turned om,

. Sirce @ single messase wew be comrosed of wmultigle - -

auffers in loczl memorws it will need to be transmitied in -

< <

several sarts. Consecuently, the communicatione channel

i : must be teold ewrlicitly where cne messzsse ends and the nekt
! ; . i

[ besins. This is the function of the TERMINATE command on 2f

A,

gutet zloty 14 causes the termination of the current mas—

3

b 3

i3 i sage, The pext trarsfer oreraztion is then interepreted 3as
% ; ' -
B § the besinning of & new messsge, 0On an inPut siots the TER-
' s MINATE command csuses the remainder of the current: messade

{ to be flushed. . . -

i : . . s
' : ;
Mot

: Anw mossade hes the standard format : .

& e

mnk

target | I0 ¢ source | source
FTOCESS | id i node | Frocess
nzme ! t numbgr | name

L T ——

o

it

==

fh




Of courses the "tardet node number® field is used iy the

communication hardware to route the messade. -

The slots are controlled by 2 set of drivers (iarle-<

mented zs srocesses)y one for each slot, The outrut drivers

zre identiczly sharing the same code a8nd having serarate

)
o 13

. i lecal datas steckss Tie same is true of the ineut driversy -

The outsut drivers take their work off 2 commorn FIFD--

K Rt

aueye of messadges (more strictluys 10Es) waitins to bhe sent

- - out, The hesder snd bode for 2 messadge are transmitted 35

"

[

serarste puffers, So the logic for z2m outrut drive ist .-

W e st LN

[lo forever
Get 2z messadge from the outrut cueye
Set usr slot Lo outrut header - -
fcsue READY command 2ngd wait for interrurt -
Set usr slot to outrul messade bhody
Issue READY command and wait for interrust

fn““"""'“m.

~ ayrins

4 e na e PR, Y S

B

Send I0R to messzdge msnager *

w,

[T

£

A Pt

LT,

-

The leosic for a3rn infFut driver is 3 little more comrli-

cated, The messade header must be read in before the -mes—— -

sadse can be identified and the sroeer infrut buffer o3n L@

g
«
-

]

selected, Consequentls. & dedicated header arez is reserved-

PR 0 iy o

iy

[

gach inegut slot. After +the header 1is read - ins

0
o]

correct ICR to receive the messadge must be identified

s bomaniradliine

. - fam e P

h

ection

3+4 on the messadge manager)., Once this is doner the- -

-
pes
§od

est is straightforward: cam e
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Issue TERMINATE command and wait for interrusrt: - - - o
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[lo forever

set ur slot to read into header ares
and issue REAQDY command

wait for interrust

locate metehing IOR

{or create one if target is kernel)

cory header into I0E

set ur slot to read into messadge buffer
snd issue READY command

wait for interrurt

send I0R to messade manader

E
z
g
%
2
=
|
E
|
. Z

k-

after both inFut and outsut orerationss the messade IOR
is sent back to the messade handler for any closing zctiorms

that may be reauired.

"
§

Fluumnn\

L R T e

[T

R LSRR T T T T

et

4
Hl

il

it

fui
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4, TIHE EMULAIIUN EEDOGRAY

4,1, X-Iree Hodes as UMNIX Erocecses

= g In order to test and debud the node kerrely some method

¥

b ot o

: % of running it on wisting hHardware is needed. At this
E . universityey the most convenient wae to do this is to runm  an
of emulation om the UNIX swstem. Howevers the emulstion

= - cannot be done as 3 simrle UNIX  s=rogram. Two levels of

sarzllel rrocessing sre negded!?

(1> The X-tree .3s more ihan one node. A waw is needed 1o

model the simultanesous execution of the X—-nodes znd the

i communication betueen them, e

R

AN (2) The wernel of +the X-nodesy todgether with the user

Py

#rocesses running on that nodes rerresent 2 set of con=

L R LR AT
S ATV
]

"

T A B

3 2 current subrrocesses executinsg within the node.
;| § The two tzres of zarallelism are different in one verw
s 3 % imrortant ressect! intersrocess communication. The X-nodés - -
e ‘14
: E hiave no commor loczl memory throush which to communicate.
X Z The Lernel suberocessec: on the other handy rels heaQils néy
é % memors structures that sre in.the lecal node and asre - avail-—-
‘h % shle to 311 subrrocesses zt that node, s
= § This observation leazads to 3 relstivelyw stréiéhtforuaf§7~ f
= % g emulation technieues Esch X-node is modeled bz 2 UNIX sro— 3
E i3 &

|

cess and thew will trarsmit messades wusing WUNIX  ‘sires’s -

it bl

Modeling of the kernel subrirocesses within the node will be -

1
[
i
»
'




B s I T

LTS
W

f

Aoy,

3

.

g e

[

T D A

- a— on

discussed irn section IIIR.

t would be rossible to set ur the rires between the
UNIX rrocesses so that thee form 2 binary tree znzlosous to
the X~tree torclosiw, Howeversy the rsoint of this exercise is
to emulate the runnins of the X-node kern2l: not the commun-—
icstions links. An zlternatives which sreatly reduces the:
amount of interrrocess data Tlowr is to define 3 sindgle rire
into esch =rocess. Ans messadge is sent from one #srocess to
another Dy simrly writing into the inrut sire for the tardet
rode. The emuiztion network torology is then fullw con=

rnected znd looks likel

H P —————— >rire to node 1
: node jrmee———2pire 0o node 2 we
igg ~-mmmm—m——— e 1 H .
1 L
H 1 *
i P ———— srire to node n Co
*
Fy - = -
+*
H {——————— >pire to node 1 -
H rnge e il reire to node 2
pire —w—r-e—m———" i n i .
H i .
] 1
1 1

~-m~————2rire to node n :

The simeie use of rires does not solve =11 of the coa~

municstions =roblems. Each node should be continuouslue-

working on the Jobe it has to dosr znd susrend such work only
when there is 3 messasge on the rire to be read in. Unfor—

tunztelyr, =3 rezad oreration on z2m emerty UNIX rire susreruds

the entire rrocess until some datz is rlaced in the r=irFre Dy
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Sty

snotiner Frocess, Consequantly some other

reruired,

This rroblem can be solved in =3rt throush

ill’ sidnals (see serendix). The

somewhst mislezding since these signals car be

UNIX

the Frocess

mechanism

el

‘eczught’ bz

receiving the sidnal,. To sccomrlish thiss the

rrocess to be sisnslled rerforms the suwsiem csll

cateh ()3
nel {signal-rnumber, catchis

W, o+

znid conitinuss to execute its other tasks.

Thens when znother srocess sends that signal-number 1o

the rrocess with Lthe swstem ca3ll

-

£ill {(Frocess-numbers sisnal-number)»

the function c3toch{) will be sssnchronously

c3lled ine the

the wuse of

[
1]

‘kill” is

i

=
=
=
=
=
=

signalled erocesc. This c21l is liks zny eother in that .on
wit from catchi{Yy the signallied srocess will continue with
=
. . =
the code thet wes being executed when the k.11’ sisnzl was g
recaived, =
’ . =
One more asrpect of castching sisnsls is very imrortent. =
- =
. : . . 3 =
Qrice =z sigmal is czusghts the ‘sidnal’ sustsm o311 must ‘be %

re-issusgd to catch the mext sidrnzl. OQOur communication

Syg= T

obAutn

il

bbb

!
!

i

it

i
i

il

i




to send messadge!
write into #i
send signal (

to receive message!
initialize with
*sigmal {(sisnzl-rumbers catehl’
+ ¥+ 3
function CATCH!?
awahkenr subrrocess to rezd sire
return
+ ¢ 3
subrrocess INFUTS
dc forever
read znd process messase
- re-issue *sidnsil’ suctem call
- ga bhack to slser

Since 3ng mumber

d
-
ok
n
ol
i
1}
i
"
pod
[
o
a
P
o
i
-y
[*H
!
W
o
10
C
ok
[
o
("8
g
po
-

t virtuzlly the sanme

0

of esrocesses ozn write imto the rizs

:

R TIITE

1)
u

instants 2z dangerous comdition occurs, If dwo rrocesses send

>
messages into thes sire in cuick successions the receivins

YL W ey

o
fﬂmmm

{0 re-issus the signzl  *catocht

“
3
]
)]
M
n
i
£
[
fod
[
o
[x]
f"
Yy
[4/]
]
r
Juud
[1¢]

T ————

1 =rrives. If this harrensy UNIX

5
m
o
Q
~3
m
o
o g
m
n
n
©
W
[}
n
b
L,
)
0

£y

rocesse which is clearly unacceri-—

-r
1]
-5
1]
]
m
[ h
<
[
i
10
0

Tc solve this rroblems: the X-tyee node is selit into z

™
&
]
T
e
i
e
0
-
]
¥}
n
n
0n
m
n
-1
wl
v}
0

rimsry onesy c3lled FPRDCy does most

f 1

of +the work and orerzites 35 before. However:s other ‘%
rrogesses  de not write directly into its sire. Instesds an %

intervening =rocess {czlled CLCOMM) receives wmessages from

ather nodes and cends them to the PRI

using 2 gimels hand-snaking srotocol!




- 5,1

E -~-—-~» FROC sets to catch signal from COMM :
. - FROC sidnals COMM that it is ready

= ! for messadge

- H COHM dgets message from its rire

» ! COMM rputs messase into Frivste rire to PROC
= H and sends sisnsl to FROC

5 : FROLC receives signal from COMM then

= H resds a2nd Frocesses messade

e i : )

N T O

-

‘ : Nodes which send messadges are now relieved of +the
= : necessity  fto send signals zfter writing =z messadge into the
= rire for another node. The COMM rrocess can afford to wait -
= when it resds zn emrty rire. I
E : The resuliing finzl torology is

g . intret
= E £ ( —————————— signal @ —mm—em—eee o
= .o ! R i-—-krire to COMM 1:
: . } COMM H H FROC i———=>»rire to COMM 2
I : FiFpe —-r) i S - L H i + -
3 H ; ! ; ' STt
= . ' e i—=->pire to COMM.-n
= . : e s ready e '
2 : sisnsl =

! 5 intret

: : e signsl  --———- ———- -

& : R t-——>pire to COMM.-1-

: ! COXM ! H FROC {—=->riré to COMNM-2

rire —=I1 n i——pire——=2| n H N < e
: i H - - - -
; A i——=>rire to
e ready -————— ————— T
signal - _— o

Only one small detzail still needs sttentions It is-not

guaranteed that data from 3 rire will be read out in the

s3me urits that thew were written in. Messasses will rot bhe

shuffleds byt thew may be received more than one at a~§i§é;§
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When 3 rire is readr 211 the messasdes currently in the rize

are returned by that single resds Hencesr we muist reserve 3

0

Fecisl messade sersrztor hute. The COMM  srocess  searches

for this serzrator bgte and serlits off single messades to be

sent to the FPROC erocess. Thiss of coursz will rnot be

necessary in X-tree itselfs since the end-of-messadge will be

o

§ trznsmitted using 2 extra bit,
:
(

SR s
1]
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The use of multirle UNIX rrocecsses is 2

4,2, Suberocesses and ITheir Supchrooization

satisfactory

way 1o emulate the concurrent orseration of the X-irss nodes.

Howevery this techrmicue will not work

coroutines

runming on 3 single

#rocesses 4o not share ang sleobsl address seraces the

times in a node relw hezvilu on such

communicationr.,

file wouild bhe bhoth swicward 2ngd inefficients -

Imrlementing such 3 dets

for mode2ling +the
rnode. Serzrate UNIX
CoroL~

z Zlobzsl datz srace for

sr3ce as =z disk

Thig difficulty imeiies that multisle si:heroresses must

somehow be Taked’ within 3 single

sgstem offers noc direct

solutionn to this

UNIX sprocess. The UNIX

t

sronlem. Far=

tunateiws however: software to do Jjust that was develored as

rart of the Tovw Orerztins Sustem [73]

teach orerzting sustem rFrincisles.
coried and used in the X-tres kerael”

is prieflvy described pelow.

A subrrocess is defined 235 an

strezssn todether with its own serarzte

xterna: dats structures and variasbles sre shared amond g}
>

tha subrrocesses, Te imrlement th

dats siack storase areazs =re zllocszte

al=1-3- At any moments the dats

w
n
ok
oo
«©
1]
0w

ubrrocess is found in ihe

{growing dowr Trom

N

address (17777

ferent subrrocessy the dats stack

March 320y 1979

used at U C Berkeley to

This code has’ beeh.

emuslztor, The --rackage

indefendent execution.

A

local datz stack. - 411

s

1

is concert, @ series

gy onz fTor esch subero— -

stack for the currently-

normal  stasck locztion-

7

L)

for the
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cess  bhen waits until srother subsrocess suts zn zlement
imto the cueus, The slot outeut driversy for examslers
orerate this waw, Thewy tzke their worlk from z eueuse{I0DUTO)
of I/0 control blocks for messases which asre waiting to be

sent out,

The second stule of rse is senersliz cozlled =rivsie
SEMEHNOTeSs ., A srivate semarhore iz sercenently sssidned to
a3 rarticulzar gubsrocess. When the suberocess must wait  for
some ressons it dosgs z P oreration on its srivate semarhore,
It then shays ssleer unltil some other subsrogcess waires it us

be doins 2 V on its {(the sleering suberocess’ s) semasshore.

Orne exameles of this stuwle of semzehnore wse is thz Fro-
ness  which reads messages Trom the sire. It is called INP-
ch gtarmds for INFgL  [DISFztcher, It wsits onm 2
rivate  samashore czlled I0INT. The signal from the COMM

Frocess foroes the execubtion of the ecazten routine which erer—

[GINT subsrocess,
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wd
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el
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he subrrocesses for bthe bernel and hardware enulation
these senchronizastion Frimitives.
In order to keer the kernel code gerzrate from the subfro-
cess mrlementation codes almost ro changes were made in
corsing the subrrocess sackzde from the Tou .Operating Sug~

tem. . 4 .

One chende was neededs howevers becsuse the F o oand V

nrperations must be wndivisible in order to be valid, In the

it ‘mml b
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a3y resylt.

To heor t

the interrget

sbhle inhterrust

Sustemr there is no rossibilite of 5 real

interrust from outside the srosramr 20 Mo sFe-

Rt~
interrusrt 2t any  time, A3 described sbover
wsa  a2n ammedizte c2ll to 2 zuybroutine which
NTRISF srocess, If this anterrust arrives
iority subsrocess iz doing & F or V orerations

would be sussended in the widdie and an error

1z from hesrenings it ig desirzble to diszsble
s at tihe start of 2 P or ¥ orerzation and reen—
g at the eno of the imterrust, The cverhead

digabling the 1nterrust would he unaccertshbles

would involve & comelicates sigrnal s=reotocoel

wetugan Lhe PROD ang CEHM erocesses. Insgtesdr the -imterrust

is receivad: hubt ithe gezbening of the INTHISF subrrocess is

b
o]
0
ci.
b
2
o)
1]
0.

a

er V grerationy 2 Tlag i set to indi-

(_.
o]
35
mn
)

cste thet duterrusts are digabled, The C&TCH voutine must

check this flas when zn interrurt occursi if dissbledr the

ot

-

rierrurt must be notedy tuwt INTLDISF cammol be aswskensd,

thens Just bhefore exit from the F or V orerationy the inter-

rusts are reensbled andy if an interrust occurred in the.

meantimes INTL

iTSPF must e zswabkened.
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suynprrocess INTRISR:
loos forever
set to cateh imterrurt with CATCH(),
z2ignal COMM readw for interrust
wait by F{IDINT)
read snd srocecss message -7

interrurt routine CATCHS
it (intrtgis:? intztreq = TRUES
elce VOIDINT) 5
return?

Foor ¥ ogrerstiont
intstdis = 4
s+ 0o oreraiion ..
1f {irtetrsg) UW{ININT
intetdis = intetire
ratirns

r
o
m
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e

oy,
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rasmg e
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Emulated Compumicaiirus Hardusre

The communications = . -1 hetween the kernel soflusre

angd the communications com »pller was discussed in detzil in
charter 2, Hew is the ‘tersction between the slot device
drivers end the channsl emulszieos so that messades can 0e

sent thoush the UNIX siresT

The emulaticon of sr outrul slot is relztivels strzight-
forward, f£zch fime 3 dovice driver ruts 3 mew command in
the SLOT COMMAND BYTEs it cslls the QUTCOMM subroutine.
QUTCOMM maintzins 2 set of mpcessse asssembly areasy ong for

eagch slobt, When rzslledr 1ts functions are simele?

if commarnd is READNY FOR TRANESFERS
take the buetes indiczted bw the ANDRESS
gndg COUNT fields and zdd them fto the
end of the mescadge
increment the ANDRESS field bw the COUNT
and set the COUNT to zero
=lace ENID OF BUFFER in the STATUS field

and return

if commard .3 TERMINATE!:
syt b MESSAGE SEFARATOR bute a2t the end
cf the message
write the messadge to the arFrroFriste rirFe
clear the messade area
~lzce ENL OF MESSAGE in the STATUS field
s return

«

The INTERRUFT ADDRESSE field in the slot control buffer

is not used for the slot outerut emulations The subroutine

return address rerforms that function,

e

The emulation of the imnrut sleot cortroller camnot be

done with 3 s=simrle subroutine czlls The outsol slot is

;
G m!\‘w 43 bl T

s g

IR Ty




Wladucsss s e o P

«

g b e e s o

P ———

gy s Sy W

SR R e I v s

driver bw avents occurring imside the kernel software, The

inrFut slotr on the other herdr is driven srrimarils by exter-
nsl eventss namels the esresence of bubtes zngd messasges on the

inFut line.

The emulation of the inrut slots iz rerformoed be  the
subsrocecss INFLISF, which has zlresdws been mentioned in sec—
tion & of this charter, INFRISP is imrlemented 3¢ 8 subrro-

cess which is auzkerned whenever there is z message available

orr the input sire, After resgding the messazdge from the rires

INFLISE  thern smulstes the irmrut sleot controller to transfer

the messase into the kernsel,

Using the ADURESS zrnd COUNT fFields of +the selected

slot: INFLISF +trznefers butes froem the me

i}

sage into the
arerorTiste arez in the node. When s gpventy such azs BUFFER

FILLED or END  0OF MESSAGEs 135 rezscheds INFLISF awakens the

[ H

aserorriate slot driver so that it canm resrsond to the event.,
The slot drivers are run 2t 2 higher friorite than INFRISE,

30 when awakened thew execute immediatelws.

Wher INPLISE gets ecombtrol backs it means that the inrutb
driver has finizhed =rocessing the last event. INFRISF then
continues to transfer more data or wasits for sasnother mes-

szge, Hernce thne logic for INFRISFE ist

March
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do forever
Wzit for next messadge
Rezd in moesssgEe
While more messase remains
Use ANDRESS 3nd COUNT fields to
butes from the messadge
4ddust ARDDRESS znd COUNT fields
If more messadse remainss
Set STATUS = END 0OF RUFFER
Awzsken slot driver
Set STATUS = ERNDIN OF MESSAGE
fwashkern slot driver

This results in 3 ck~znd-forth action bstween

slot driver znd 12 INFLISF erocess, INFIISF

trznsfer

the kernel

dgenerates an

event zngd awshkens iver, The driver reacts +to the

event il s back to sleess zllowing INFOISF to con-

’

tinue. It I = : driver subsrrovess hHhave

fragher griorit
spriorite, it : tirs ind until

the next

waited for

<

INTERRUFT ADDRESS field of the slot con—

used exslicitle. That function is handled

srackadge, which kriows st whst

cuntinuyse executing the driver when it wakes

address  to

usr, Insteads

the srzce of the INTERRUFT aDDRESS Tield is wused +to store

the =address of the erivate semsshore which is used to wake

us the driver.
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rerroduced

luztinm of the Keroel

demonstrate the kernsl emulation srogrames 2 simsle

zm was coded and executed., The srosram concsisted

g1

Frint ‘Ucode § executing on nods X.°

frezte 3 =rocecs on node 1 Lo executs USER 1.

gtzrt the rrocess Just corezted,

Yzit for 2 message.

Frint that 2 messadge was received znd
gisrlay Lhe mEssage,

13
Frint "Ucode 1 execulting on node X.°
Create z srocess on node 2 to execute USERE 2.
gtart the erocess Jusit crested,
Frint *lUcode 1 about Lo send mss,
ri ge *It works!® 10 sarent =rocess.

+
+
imt "dcade 2 exescuting on node X.°
i

czils’ made to stzri rrocesses gnd send messases
in section 3.3,

e emilator 1 stsrteds it sets ur the tree and

kermel in each noder then waits for 2 cosmmandg

terminzl, The terminmnal -werator must enter com—-

razte and start the fi-st user erocess, Detziled

sre included in zrFrrendix I,

sgssion fTor running the simsrle srosSram sbhove  1s

helow, Orersztor commands sre shown in

L A R S

i

gl e v o b it s

%
=
=

=
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zrentheses sre not sresent in the 3actuzl

Q0

b i a1 4

irwoke the emulztor

. creste Frocess tgo run code
segment G on nodgde 3 With
= N sriorit
= . ¥X%X Frocese crezsis i EXX .
: commandlistart 3
srocass sust created
3 X%k¥ Frocess 3 1 st
= Jrode O suecuitins
¥¥% Process crest smed 1 XXx
— ¥% & Frocess 1 1 <t 1 OEK¥
= Uogde 1 suecuting i
¥¥¥ “rocess c-ested on moade 2 nmsmes IO KX¥E
E: X€X Frocess 2 1 started onm mode 2 KXY
E Ucede 1 zbout fto cend mss,
Mss recsived by lcode ¢ was:
I wobrh =t
E X&X¥ Frocess 3 1 tsrmimstedy nnde 3 OKKX
3 X% Frocsss 1 1 terminzteds node 1 KEXK
e ‘ Uoode 2 execuiins de .
¥¥X Frocess 2 1 ter teds rode 7 OXEKX
3 , The messzsges bracteted by “X¥XK' 3r2  informationzl messades
3 4
! srovided by the i2rmngl. The othsr nessadges were printed be
1

T

DL e e e

Hote thet USER 2 didn’t a2ctuslly execuie wuntil after x
SER 0 =nd UBER 1 had fimished. Since UNIX zactuzlly runs ;
rls one srocess at & time, there is no real sarzllelisas %
rnlys ome node at 2 time can runs. Furthers close examination 3
f thne user srodgram revesls thset USER i1 does not wa2it for ]
SER 2 4o finish executions but rather to Just start rupe— i
1ing, Hsncer the sequence =hove is & corrscit one. {

LN




T R T Ly
TRy, o e R W R TR
=i | LX) s -t i i ho] w [ N 3
1] L 11} o] 1) vl o [ et v o V]
[y 4] [y o] . w Q n w % | .
fu 1] f = r Y] fa - 5
1] - 1] G vy ] 0 Q "
& £ Q G- » 1] )] o ] 0n
L. g n 0 [\ w o
[m] " W 'S 0] n h v
L] rd i1l "l ] v "] il W RN o)
£ w o hnl B w? 0 1) for 4] o
+3 1} +? 1] "y 0 0 0 0 n n
4 o = [ 2 e '
A - el n n [\ 0 1
L & Fn = V] e W St W o0 h
nm 1 11] ‘et £ 4 " [} £
» - 4] [ n ar th
“+ L1} U mw m n i 4] u V]
52 3 n Qs ] ] 0 0 O & Feu
“+ ] i [ i m Nz [ X Q [w]
W T 1] ] nm e 0, ) U]
3 - = Al "y U
[ ] m n - o] L 0N fm 1]
S £ . e et - [ w i) 1] 4 ul
t ol »3 1] m [ wn a8
- x [ a0 1 £ s e
hu) (o} as o o 1 fm 14 ) 9 [
s [ e 5 fou 1] = [n] o 1] o] v
| [»] 1] » [} L o, A 1 1] (] ot fn
rd n P G & > [ &, "
Lol -+ -y L (11l 1] =t G L0 [ L} [
i) i) et A n] I U] (W] it w =] 0} t
fom 4] 1] b £ o it i
| You 1] il ¥ ot o o) o Lo
o] C T Pk L] W n L e '
4 £3 ) W v | o+ = " - ' [
L] o » i1} 3] i 1] (1]
fo o M) W X e .
[y i 0] + S e [H]] n
M3 £ i} " 'S ] m "
[ pof 9] el a L [ i
w] 4] L] o i -y iJ
n + ot - n 2 < [w]
M| 1] -y < n [
£ n -4 L] [ 18
S [ jul 1] el ' ¥ [A]
ret {u el 4 [ e EE i)
1] Ji} + [ [T w2 1)
| = [ £ Ll [ - 0 ]
"l ' 4 LD )] o ] ~t 0 i
| [ ot n ey |21 . f.
I m fou by 2 W
W i W 0 0 e . |
| boe U} o ¢ i
4] 0 £ ta e ~ b
2 b ] U i
et * I 2] el I
o} o t [4¥) o+ L | I
fru F Fon [ L) wn l 4
ol C 0 L. 11} . o
e & [ - 0w W
|
i
N
bl U L. B A T e o . -..u..uum_..lnx‘_ e apramireie o 7 o 'Ei o i s g

. Lo b St T il e o d f
i g e :,,_:,_,A__:_, ,__Z ___,___, ! i

b e




i

P O e -

e B — Amdomnttne  « e o arn Aa s @

Ihe aiteasted Us=z of

In 4ug 78: Harslid Roberis comrieted z3n evaluation of
QOULS  lznsuzge [Fr1i3. He concluded that MOLDULA was
lznsuzge for sustems Frogramming in £he X-tree sro-—

= Ject, As 3 resuit of his studu, it was temtztively decided

A wss 10 be the srimary Frogramming lsnsuase for

-robiems with the lznguzge were recog—
rized, Twe deficisncies were ecrecizlle imesortant to the

miliisle ereocesses znd suncohronizaticony it was imele-—
mented ocnlg for hare (no underlving orerating swstem?
- POF 2nd LEI-117's,

o

As 2 recnlit of bthese difficultiess tne kernel was to he

T

decigned wusing the MOGULA lansusgse zngd then translated to ©

“t

or testing 3nd emuliztion. As work rrodressedy howevers
gdiscovered which led eventuzlly to

ernel.
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The Tirst probilem surfzced during the desisg ocf the

o
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communications conirgller. Althoush it is




it acts like 2 multisle numper of

: HIN Orne strzighiforward way to
! % interface to such g device is o have @ differznt driver for
g : each slot. This leads to relativeliw simrle snd understang-
% - zhle code since the zldori~hms do not have 4o worre 2bout

iz onig sracticzl if the device dgrivers s share <ommon
) code ar3 szch c2n have g zrivate roimter to the control sres -
for itz sio%, If this is rpt =ossibles the zmount of memory

i sgaee needed Far duslicsted code for 211 the drivers would

tnfortunsteizs this 2158 imsossible in HODULA, The

z2ddrescses of device redisters in device drivers must be

4 ; . The second =roblem arose when the algorithme for inter-
i )
= =reating LI3Irmel messsees  wore written., When 2 messase is

received, its cornlents zre unbnown. It is only after  the

mrossible 1o bresk the message down into iis comronent

ot

==zrts hecsuse MOOULA is strorsgle tusad and there is no  such =

[RTG————

H thing 35 z variznl records It is even imrossitle to write 2

ity

moen-M00ULA routineg o sccomslish this gince there ic no was

3 g Py to imvoke such a routine,

= h =)= -

= B e N -
= . . . s . e

= The only slternative in MODULA is to definme 311 of the

9
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5.4, Euture Izsks

iz kernel in o 1ts srresent form sroviges an exiremsls

services, Howevers the desisn and coding was

-

limited set o
done with some more denerel services in mingd. BSeversl ros-

3 sithle imrrovemsnis ars discussed bhelow,

o0 0t s 1l

-
ol

‘ AL ASYNCHRONDUS MEGSAGES - Ir the sresent kernels 3
user rFrocess which attemsrts to sernd or receive 2 messade is

automstically =ut to gleor ymtil the trensmission 15 com-

thig 1s sudtsble Tor zome zsslicationsy some
ervice s needed wherebw 3 user could issue z read and then
continue rrocessing and rericdicalle oheck to see if 3 mes-
338¢ N&s woen vecelved, This service would 3lzo zllow the

( user to issus multirlie read recuests zimulisneousls (the I0

) fpmia T 1 hhe mesesse hesder zngd 198 was included in antici-

ANT & NORE INTERHS&L CLOCK - & mothod of delsweinmg 3 user

- m—

FTOCDRES  10OPr 3 srecified seriod iz needod. The desidn of =
clock driver was conrFleted in MODULA but  wss nmot  incor- %
=orasted 1ntoe bhe sresent emulaztor (the code is resroduced in %
=
grrendiv E)y  The emulation of 3 mode clock might be zocom~- g
{ rlished ow incremznting 2 counter at srecified eventsy such |
Z
33 P argd U ooareraticns: znd ab comrletion of each idle loor. =
. 2
’ E
- FERFORMANCE HMEASUREMENT - It maw be rossible to instru-~ %
ment Lthe emulazbor so that exrerimonts ozm be rerformed Lo E
comFare various sossible waws of selitling comelex user |

e
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TRANSEORT 70 VAX -~ The gresenl smulztor  runs only

MEMORY MANAGEMENT - The srimsry diffi~

it adding this festure is tnet it will substantisily

resources  rexuired by the emulation.

frs additiony howevers g really mezrninsfol serfor-

oarn be talbten.

N - The sresent Fernel zzcumes that 211

enitied relisble. Code musht be zadded to

ey
%

Inmnrect transsorteslion to VAX
g1rice bthe subsrocess sackage used in

wse of the © Zate stack format on the

11/77Q, The date sbtacr on Lthe VAX 13 ot the samo, It maw

Lo succesefully save and

thst the UAX subroutine linkade suystem

restore the
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AFFENDNIX 4 -~ Kermel Datz Structure Dizgrams

Globzsl Memorw Obldesct NAME!

i nooe e opods nuumber of leaf at which obdect
[ e e resides
Pounious idg == gugranteed ynioue within the node

Globzal Menorw &NODRESSS
Poabuect name

Poffset o= offret Trom besinning of oblect

o M e

Il

i

"

Frocess Control Block (FCEI!

Polamk fieig i--rused for the FREEFCEH |
e i e e o i linked ligt
v Tull rrocess HAME t-="identifies the s=rocess slobzliyg

oFr1orits

v status word (F3w) ~—sipternal =rocess status, subh as
B o e s e e condition codess =ste
externzl status word i~=~state of tﬁe srocesst IN-USES
o e et e s e 2 : WHRITING~-FGR-I0» ete
. ! semasrhore Folnter i-—sused for emulatar swnchronizstion
e ke tamn Wt MAPy e e et e T i Ay e e i man St = o e e 4
: : I0RE 11=+ oimter i—~-"sginter to the rrogessz’s list of
: Do s e e T : zcoive I0Es
E DONIME of rarent :
- ; rrosrss counter i=~» Blobal ADLDRESS
z . 1
“}: T T T N AR SR T s mm 1
g ! stack Fointer {~=» Glaobal ADLRESS
§
5 . mes e e mae men m oy e e s B4 W m e oy e i A WS N S
= A
= £
2 *¥
5 |
‘%
M A0 197 3
igrch 197 %
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1/0 Lonmtral Block
Qusus

owrer IOR list linmk

lTocal NAME

<.

I/70 status

mes hodw

teged Lo 1imk I0E dinto

RuUgUES

~-=lipk. for & rrocess’s list of
active I0Es

—-=ryged to mateh incoming massadges
with %he srorer MREDV request

Vewratztus of IO IN ve 0QUT»

arnd WAITING: EBUSY.or COMPLETE

-l encodes what mss mansser should

do when 1/0 cossletes
wez NULL if mo dunsmic huffer used
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LIAGNOSTICS

ASSEMELER (FOF-11)

Frinted 3/30/79 I R

K(2) UNIX Fresreamer’s Manuosl FORK (2

fork = Se3WN MEW FTOCESS : - =

o &
8IS : .
':“Dl"k.( ) e B - »%ﬁ
CRIFTION =
Eork is the only waz new srocesses zre cresteds The mew: - - -
Frocess’s core image is 3 corw of thst of the caller of t%

fork, The only distinction is the fTasot that the value
returned in the old (sz2rent) srocess conitzins ths srocess—ID-—- -
of the new {(child) rprocess, while the value returned in the
en1ld is 0. Frocess IDfs range from 1 to 230,000, This sros
cags ID iz used by wait(2). - A

iles oren pefore the fork sre siharedr and have z common - -~
ead-write rointer, In rarticuldr-rs this ¥s the wag that ——-
swvandard imeut and outrut files sre rassed snd slso how -
wires 2re sel uF. TR

-
r
r

Returns -1 and f3ils to create 2 srocess if! there is ina
euate swar sracer the wser is not surer-user and has toor
mand Frrocessess or the sustem’s srocess table is fuyll, Onhlg-
the surer—user can take the lsst srogess—table slot, B

«

(fork = 2

swsg fork

{rnew rrocess returnd

{olc srocess returny mew grocess 1D in rO)

The return locstions in the old and new FTOCESS é;f?er bs,
one word., The C-bit is set in the old Frocess. if 3 riew
cess could not be crested. - - = -




UNIX Frodrammer’s Mamuzl RILL(2)

g

send siZnzl to 2 rrocess ’ -

[T
- £

Tiridy siZ)s .

w

&

NESCRIFTION
Eill sends the signzl sig to the srocecss srecified bw the-

=roc2ss number in rG. See sidnzl(2) for z list of sidgnals.

The sending ang receiving processes must nave the same - -

effective user Iy otherwise this csll is restricted to the

SuUEeTr—USEeTD,

If the erocess number iz 0Oy the sidgnzsl is sent to all o her
1 the sender’s srocess drours see tisid).

“ » O e

Frocesses 1
If the rrocess number 1s -1, and the user is Jhe surer—-uUSETy
the sisgnal is broadesst universally excert to rrocesses 0
: and 1y the scheduler and imitizliizs!ion srocscsesy see - -~
: . & it (8).
A B
g 3 Froccesses mag send sisnals to themselves., . T
Y SEE ALSO -
f I signal(2)s Rill(1) movewe =
i = . ==
. s =
i [ LDIAGNDOSTICS ) =
§ £ Zero is returned if the rrocess is killedi -1 is returned-if - - w%
i ! e the rrocess does not have the same effective user ID and the {g
; 3 £ -
§ FE user is not surer—users or if the rrocess does not exlst =
i TP SSEMRLER (FOF-11)
: - (kill = 37.)
3 (srocess number in ro)
! P = sys kills sig
i 2 -
>

P!
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FIFE(2) UNIX Frosrammer’s Masnual FIPE(2)

NaME
~ire - creste zn intersrccess channel . o
SYNOFSIS .
rire(fildes) -
irnt fildesilt:
CRIFTION =
The sige suystem cz2ll crestes an 170 mechznism called 3 rives

The file descrirtors returned can be userd in resad snd write
orerations, UWhen the sire is wratiten usinsg- the descrirtor- -
£ildesl1] us to 490946 bugties of datz are buffered bhefore the
writing rrocess is susrended. A resd dsing the descristor:
£ildesl0] will s=ick ur the dsisz, -

It s zssumed that after the sire has been set upy two (orm

mor2} coorerating rrocesses {(created by subsequent fork - - - - -
ca1ls) will rass dsta through the sire with read and wzile

calls.,

The Bhell has a suntzx to set ur 3 linezr arrayw of srocesses
cornected by riFes. =
ls on an emstyw rize (no buffered data) with onlw odrie .

Read cel -
21l write Tile descrirtors closed) returns an eng—-of=-

endg 1
fiie,

1}y rezd(2)r write(Z:: fork() - =

Tﬁe fux: r value zerpo is returned if the rire wa2s creatasds- -
-1 if ta: mang files zre alrezde oren. A signal is den—
erztad if 3 write onm 2 rirFe with only orne end is attemsted,

3hould more than 4096 buies be necessary in any rire among 3
loor of erocessess deaclock will occours S R

ASSEMELER (FLF-11) R
(rire = 42,) -, e

sus rire e
(read file descristor in r0) g
{write file descrirtor in ri? S e el

Frinted 3/30/79
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Printed 3/30/79

CRIFTION

SIGNAL(2)

UNIX Frogrzmmer’s Menual

signal - cateh or ignore sidgnsls - ‘ o

SIsg
¥include <signsl.h> -

{¥signszl

{(sigs Tume?d{);s
(¥funedY ()

& sisnsl is denerated pws some sbnormal events initiated - - -
gither bw user at a terminal (eiuits interruet)s bw Z srosSram
error {bus errors etc,)r or by rezuest of asnother srodram )
{kill), Normall= 211 signzls cause termination of the - -
receiving rrocessy but z sisgosl czll zllows them either to

e idnored or to cawuse an interrust to 3 srecified loczstion.
Here is the list of sisnzls with mames z3s in the 4Anclude- - -

file,
SIGHU 1 nangur .
SIGINT 2 interrurt

SIGQUIT 3% Ruit
SIGILL 4ax% illedgsl imstruction (not reset when causht) .
SIGTRAF 5% trzce tras (niot reset when causht? S
SIGIOT &% IDT imstruction S
SIGEMT 77X EMT imstruction - T
SIGFFE 8% flozting roint excestion
SIGKILL ¢ kill (cannot be causht or idnored}
SIGRUS 10x bus error oo
SIGSEGY 11X cesmentation violstion : :
SIGSYS 12% bad srgument to sustem cz2ll -
SIGFIFE 132 write on 2 Frire with no one to read it -
SIGALRM slzsrm clock -
SIGTEFM 15 softuare termination sisnal 3
14 unescisned : . e

o

The starred sismzls in the list above czuse a core 1mage if
rnot caudght or idriored,. T ke

It fuomc is SIG.DFL- the ﬁﬂfault setinn for sighal si§ iﬁ toT
reinstateds .
core image. If ILDC is SIG. IGﬁ the sign3l 18 1snmred.f;i
erwise when the signal occurs func will be cdlled with: o
signal number 3z ardument. A return from “theé function will~
continue the rrocess at the roint it was interrurteds. — -~ -
Excert 28 indicatedy 3 sisznasl is reset to SIGLDFL after -~
being causht, Thus if it is desired to catch evers“such‘fﬂ“'
signal, the catching routine must issue another szsnal call

Khen =z caught signal occurs during certain Sustem eéf;
call terminates srematurelus. In rarticular this cen ocoyur
dguring z read or unzietz} on 3 slcw dev;ce (lxke a uermznel
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SIGNAL{2)

UNIX FProgramomer’s Manusl SIGHAL(2)

but ot 2 file)? and during gause or wa3it{(2), When such 2
sisnal occurss the saved uger status is zarrandged in such &
waw that when return from the sigsnsl-catching takes rlater
it will zrrear that the sustem czll returned an error
status. The user’s srodram mag thens if it wishess re- -
execute the csll.

The value of signal is the srevious (or initisl) value of - -
fune for the sarticular signal.

After 2 fork(2) the child inherits 211 sisnals. Exec(2)
resets 311 caught sidnals to default action.

SEE ALSO -

DIAGNOSTICS -

BUGS

kill(1)s Kill(2)s ptrace(2)y set.imr(3)

The value (int)-1 is returned if the diven sidnal is out of
range.

If a2 rerested sisnal arrives hefore the last one can be
resets there is no chance to catch it.

The ture srecification of the routine znd its func arguaent
are rroblematical. R,

> VAX-11, odd values for fuoc are the same as SIG:IG&.

ASSEMBLER (FDF-11)

NQTES

{(signal = 48,)
suws signaly sigé label
{clo label in rGj

”
+f

If label 1s 0» defsult action is reinstated. If label is
oddr the signal is idgnored. éang other even label specifies
ar address in the srocess where an interrurt is slmulateﬂ.

An RTI or RTT instruction will return from the interrort. - - -

VAX-11) e -

The following detTines the maering of harduware trass to 513~v* --

n3ls?

Arithemetic trars? -
Inteser overflow SIGFFE

Integer division by zero SIGFFE - - -

Filoating overflow SIGFFE - =

Floating underflow SIGFFE - . S
Floatindg division by =ero SIGFPE e
Decimsl division bs zero - SIGFFE i -

Decimal ocverflow - SIGFFE . - -

Subscrisv-rande SIGFFE

Frinted 3/30/79
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UNIX Frodrammer’s Manual SIGNAL(Z2?

Access control (i.e. rrotection
viplatien) : T
excert lendgth violation SIGERUS
Translztion ot valids and
Lerngth zccess control SIGSEGY
Reserved instruction SIGILL
Customer-reserved instr, SIGEMT
Reserved orerand SIGILL
Reserved zddressinz SIGILL
; Trace rending . SIGTRAF
. : Brt instruction SIGTRAF -
- Comratibilitue-mode SIGEMT
i Chme ’ SIGSEGV
- : Chms SIGSEGY - T s
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AFPENDIX ' ~ Instructions for Runming the Emulstor

The emulator codes in both source and executable forms:s

irm the directory ‘Sbrutree/meil/kersia’ The instruc-—
icns in this aerendix sssume that this is the current work-
& dirsctory. -

[T Y
ot Y PR 71

1. Bugoios the Emulzior

The terminzal orarato wist stzrit the smulator by enter-

ing ths commang

[}
5
=

tem wiil start ur the kermel in each mode {(UNIX  sfro=
g3 #sromet when its reszdy for commandss

Yo start the a,écstian of the first user s=rocessy ftwo -
cemmands must be arnterssd from the terminzl!l
i. To create 2z srocess to run the codes snier
create nods Frig 2SEm
where node = node nbr on which 1o creste the erocess
ric = Lthe ngw process’s Friorite
=28 = tie user code nhr of ths desired rrosram

He swslem will #rint 3 rrocess neme to be used in  the
4 - T P
tert command.

o start the sxecution of the srocesss enter

stard nzas -

where i ne = the Z-rFart rrocess name disrlaved when
the srocess was creat J -

For examrles the simele srosram currently in the emula— -
tor {(section 3,1) c3n b= started by executing user cooe O~on - - -
nede 3 with erigrits 53 ’ . B
commandicreate 3 5 0 e "
XX Frocess crasted on node 3» named 3 1 XXX - -

commandisiart, 3 1 -

2. Copdiog zod Liokios Your Owo User Brograms

User erodrams sre written in C and 2re run a3s  subrou— - =
tines of 2 kerne@l rrocess (see sectien 3.3). User rrograms: =

Harch 30» 19?§




zre

restricted in the following waus,

o insut orersiions are sllowed, Ang datz needed wast
received vis messages.

rzriszbles and datzs mist be locals. No sxternzsls zre
agllowed.

ﬂl‘ !

AR RES

3. Frintind staetements may be includeds but should he
framed hw the macroc

ath

10 Jo

!

: £ HARLE
= a o= e
< to srevznt 3 Frocess switch when the stizck is too lsrde
F for the dzis stzck save zress {(section 4.2),
H 4. Ezch user grosram re arsument. This-
Z ardument must bz used as the srdument to 311 ker=
2 nel czlls fros Lhe user srodgram. s -
E
£ .
z The kernel oglls discussed in secticn 3.3 wmez  be
] £ Srecific exameles in ths L lansusde czn be found in arrendix-
. £ r_r‘.‘ *‘i‘ 2 ’
. = £ 711 = T -~
- T
f UNIX doss not surrsti dunamic subr
3 ] sequentlyr 2ans user srosrams must e s
1 th ulzt re ti Eﬁ“xStu; is executed. Within—
3 T = iram is referred to bz 3 ‘user
3 n rgument of the ‘creste’ eﬂmmoné}
= The imclusion of nswu user 2rograms tzkes N
i >
3 i. Fut the source for the dser rFrodgrams inte the
; ‘sfAucodes.c’. - oz -
H 1 2. . Uedate the wuser initislizstion code (file. ‘SéPmaITL
» = - P - s = L
2 routine “inmitusrt’} to assisn the srdodram namgs tot
¢ tablz of routine sointers {array ‘ucodel3’¥; The: TR
E to which £ Progrsm ngme is sssisned"ﬁ the user code—
g niumbe
rf E:_“
§ =
£ 3. Execute the UNIX

negeEssary comril:;

(R bt
“
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i, All X-tree code is rure code 2nd is rnot modifishle. 80
there is mo need for g8 serarate cory for each user. i

2, Lirming of cbdect modules will be dore dunaswnically a2t
run time as code modules sre cslled,

Az & reswults 211 code is located a2rnd eased in to  the nade
cdenanicslly 28 needed zngd there is no recuirement to have
serarats user cories of anz code.

Concomitant with the lack of 2 serzrate ‘code imade’
or & erocess is the fzet that the PC and ISP are mot Just
imele locsz] addresses: but zra full globzl addresses com—
#lete with &lobzl obdect memegs and offsets. As 3 results
the L identifies the obJdeet which contzins the current code
for the rrocess. Similarlysy the DSF serves the dusl funeo=* -
tior of stack rointer a3nd rointer to the PWO (this i& ‘the
IISF with bthe offset masked tdH zerol.

Sirnce the FUD for 3 srogcess never changessy the “obldect
rmame’  ~ortiom of +the OSF is constant for the life of the
Frocess, Tne FCs on the other hand: mae change with- somne-
frecuencwy as code in new obdects is imveoked. In this cases
the old PC {including obdect reme) must be stored in the -
datz stack to be restored uran return, e - oE

1= thenr bihe rase table in the node may bDe
gixle of Lranslations from dlobzl addresses-ito
* . . -

ORJECT NAME ! DEFSET

1

t

1 ——ae s W S e
H HECE "

i

3

.

Id # H Fade #

LOEAL Lyt
FAGE 4
% S

Of course» thic table is iarlemented using hsshing in -order
to reduce the search time. Ac “itionslls 2z tr anslatlon»
look-2side buffer is used to eliminzte tne searcn  for most

scoesses In g cache-like manner, SRS

I the nodes mumbere in the system were fFfixed lensth-
then this would suffice. Howevery the riode numbers in ~thi
final X-tree maw be unbourded in length so 3 differént
scheme is necessare and is ouclined helow. B

Im this new schemey 31l Lhz active obdect names for 3 T
rogess are centralized .nto one rlace (currentlws czlled thes
list for lack of 3 better name), This could be include

(kW
A
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33 rart of the FWO or as an extension to the FCE, ThE'véég%;
ing lendth node numbers could them be manssed a3s 8 hegs

xom
i b

ther ong rer process or as 2 centrzl hess for each ﬁdﬁéfa““
kew here is thzt each obdect maw mow be be referred to-- -
s Tined lenstn index into the {-list snd the srocess can -
uninouely identified by it/s index inteo the table 'of PCHsw
shen togetiner the FCE and C-list indices are 3 fiwxed length
ield wihieh unicuely iderntifies am  obdect. The TLE then-

b4

bt OF P o
B3]

ok -

golis liked

H { Lorczl Fagse # AR
:-..........._.......-.‘............. ______________ [P --""-"'"“"“-‘3 :
i Foroe ID ! C~1ist ind | Fage # H i
} o o | e e e e § e e e
H H H H i
: H H i H

Of courser if the rade reference is not found in  the
TLE: +the software wmust first follow the chains outlined--
above Lo determine the obdect recuestedr then look wrF the
loczl =agfe number in the same manner as before. The local.
gddress is thern given to the TLE, R

-

PO

7ﬁa§h30y




_g.
[ 2l
H <
~ 5
. .
H S
4 N
: §
.
-
H
oy
H
'
4
LK T
.4
.
B
3 2
4
‘- =
2 4
3
X -
1 .
Iy ¢
s -~
6,
A 3
t i
E H
! §
&
2
&
f %
i 2
! i
» 5
H £
{ £

o

L

bl

BRI AR

»

2. a4 ¥OpuLa Clock/lelss Oriver

CRREER R KRR RN KRR KRR R R KRR KRR KRR KRR RO KR
CLOCKIORIVER dovice modulel handles clock interrusrts
znrd defirnes the means for delawing 2 user grrocess
far z srecific lensth of time.

KRR F KRR RN AR KRR RO HOR KKK KRR KRR KRR KA KKK KKK KKK KR

doavice module CLOCKORIVER C[CLOCKR-~FRIQRITY1S SRR
define delags .

use NERFROCEY zwzken
echrtry schtures gobhs e

const WASIZE = NERPROCS+1:

€ SOKE RN K R SO R R R ROCK RO KSR OK O OO K KOk ok ok ok
Defines 2 qusue of srocessec {(manased irra- -~
circular fashion) sorted into the order in
which thew are to he activated., Each entnry
contzing & FCRB sointer and ths sroper time to
delas 1t after the srevious rrocess has heen
zctivated,.

#**xx**x***xx*xxgxuyﬁ**xxxx*x**x*******x#******x*xx)

va?r @! zrray QIWASIZE-1 of record
ntegser;
erys -
T+ B! imtegers; ALfront znd hack sointersy -
<t! inteders: {length of queusk

<
B

C e e g

"!erc?* 30, 1979 &7

‘W‘xl i) '1‘*3‘6‘,}'!«11 e




Y

ol

#rocedure delaw (rrocipchrbtrd nlinteser)s

0

TR em
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o

Ly

B RS

o T e
WAL

"

g~ 2 e—
« .

m

o

L
]
-
[
2

var &y ry» t! intesgori
bhegin
if nx0 then
= 3= 3% r i= bj t oi= 03
while (f<rb) z3mg (t+ele=l.dit<n) do
inc{tralsl.4td;
# 1= (r+l) mod WRSIZES

eri?
while r<fr do
alrd 1= @l{r-1) mod WRBIZE];
roi= {r=1) mod WASIZE: -
ends )
aleld.dt 3= n~i;
alrd:rch 1= ?“DC=
=eblerooliersy 1= mcoilsroel.zsw or [1,335
dec{al(s+1) mﬂd WRBIZEd.dty elesl.dt)i
b 1= (bh+1) mod WRSIZE:
imne {ot)s
else
swzker (erocls
enc:

clock [CLOCE-INTERRUFT-ADRDRESE]S -
var cer [CLOCK-STaTUS-REGISTER-ANDRESSI?! bkitss
hesin
loos
car £&1 1= trusi
dJolo? * :
loos
whern cL=0 exzts?
gaci{aiPI.dt);
when GLFI.48%0 exits -
suwsken {(alfl.=ch); .
f 3= (f+1) mod WRBSIZES T
dec {ct); '
ernds
o’
end cliockt - s i
ff 1= GF
N 3 R
ot i= 03 =
clocky
KERIVERS -
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